V ery preterm infants (infants born at ≤ 30 completed weeks' gestational age) are at increased risk of developing intraventricular hemorrhage (IVH). The current literature suggests that approximately 15%-20% of very preterm infants develop IVH, 6 as graded by the Papile grading system based on screening ultrasonography or MRI findings. 8, 16, 25 Infants with IVH are known to be at increased risk of a broad range of sequelae. A significant subset will develop progressive, symptomatic posthemorrhagic hydrocephalus (PHH) requiring CSF diversion. 20 These infants are also known to be at increased risk for cognitive and behavioral difficulties, including attention deficit disorders, 10 and are also at increased risk of cerebral palsy (CP), lifelong disability, 21 visual impairment, and seizures.
ject is that most studies are not population based. 20 Rather, they are either retrospective reviews at specific institutions or dependent upon data from the National Institutes of Health's National Institute of Child Health and Human Development Neonatal Research Network to provide a multicenter snapshot based on the experience of select academic centers. Therefore, there could be significant selection bias impacting the validity of these epidemiology reports.
The objective of this study was to accurately describe the prognosis of IVH of prematurity, by studying the population of very preterm (≥ 20 and ≤ 30 completed weeks' gestational age) infants born to residents of Nova Scotia from January 1, 1993, to December 31, 2010, who were enrolled in the IWK Health Centre Perinatal Follow-Up Program (PFUP) and whose data were included in a database with minimal selection bias and loss to follow-up.
methods
All very preterm (≥ 20 and ≤ 30 completed weeks' gestational age) infants born to residents of Nova Scotia from January 1, 1993, onward were included in a comprehensive database. The IWK Health Centre PFUP database was screened for all very preterm infants born to residents of Nova Scotia from January 1, 1993, to December 31, 2010. Inclusion criteria included the following: gestational age of ≤ 30 weeks but ≥ 20 weeks and successful resuscitation at birth. Exclusion criteria included: missing information about IVH diagnosis (which only occurred when an infant died before the initial 3-day postnatal screening ultrasonography and also no autopsy was performed).
Dr. Michael Vincer, who has been in charge of this database and the perinatal follow-up program for the duration of the study period, regularly visits the only 2 other regional neonatal units that would be managing preterm infants of Nova Scotian mothers (in Moncton, New Brunswick, and Sydney, Nova Scotia) to collect data on the preterm infants treated there. Any rare preterm infant managed outside of Moncton, Sydney, or Halifax (for example, one born to a Nova Scotian mother while she was traveling elsewhere on vacation) would be routinely referred to the PFUP at the IWK hospital in Halifax once the infant and mother returned to Nova Scotia, by their pediatrician and/or family doctor.
The standard practice for the PFUP includes having a neurodevelopmental assessment complete by a neurodevelopmental team when children are 2 to 3 years of age (corrected for gestational age), including administration of the Bayley Scales of Infant Development, Second Edition (BSID II) Mental Development Index (MDI) 3 / Bayley Scales of Infant and Toddler Development III (BSITD  III) , 2 with mean scores of 100 and a standard deviation of 15. The Bayley Scales were administered by certified developmental psychologists or in some cases by health care professionals with extensive experience in developmental pediatrics. The assessors were not blinded to the neonatal course or prior clinical history.
The imaging screening protocol has remained largely unchanged since 1993 in Nova Scotia. Very preterm infants are universally screened with cranial ultrasonography within 3 days of birth, at 2 weeks, at 6 weeks, and again at term. The method of ultrasound screening did change slightly starting in 2010 to include examining the brain through multiple approaches in addition to through the anterior fontanel. Furthermore, since 2010, some infants have been examined with MRI of the brain instead of an ultrasound of the head at term.
The resuscitation protocol has undergone some changes over time. A formalized neonatal resuscitation program was first initiated approximately 20 years ago. In 1999, Nova Scotia began a practice of wrapping babies in polyethylene occlusive wrap, 23 and this became standard practice in 2000. In the past 10 years, there has been a reduction in oxygen use in the delivery room. Also, 15 years ago, respiratory therapists were added to the resuscitation team.
Regarding the philosophy of care for infants with IVH during the study period, the general approach in Nova Scotia has consistently been to counsel the parents of a preterm infant about prognosis and then involve them in decisions regarding goals of care for their child. This general approach has not significantly changed over the study period.
Of note, over time in Nova Scotia there has been a significant increase in antenatal corticosteroid usage, birth weight, use of cardiopulmonary resuscitation (CPR), dobutamine usage, dopamine usage, infant respiratory distress syndrome, maternal weight, maternal height, surfactant usage, high-flow oscillatory ventilation usage, birth asphyxia, necrotizing enterocolitis, twin pregnancies, nitric oxide use in the infant, paralyzing agent usage, and phototherapy usage. Over the study period, there was also decreasing intrapartum magnesium sulfate usage, maternal fever during labor, and suspected intrauterine growth restriction on ultrasound.
The numbers of infants who were successfully resuscitated at birth, who were diagnosed with IVH, who died, who were lost to follow-up, and who were disabled at the final 2-to 3-year neurodevelopmental assessment were extracted from the database (Fig. 1) . Disability was defined as having CP, psychology scores (BSID II MDI scores or BSITD III cognitive/language scores) ≥ 1 SD below the mean, bilateral deafness, or bilateral blindness.
The primary outcome measures were: 1) overall mortality during the follow-up period and 2) any disability at final 2-to 3-year follow-up assessment. For descriptive and prognostic purposes, mortality and disability were subdivided.
Mortality was subdivided into: a) neonatal death (death from birth to 28 days), b) infant death (death from 29 to 365 days), and c) death from 366 days to final follow-up. Disability was subdivided into a) mild disability (mild CP, and/or psychology scores 1 to < 2 SD below the mean), b) moderate disability (moderate CP [can walk but with difficulty] and/or psychology scores 2-3 SD below the mean, and/or bilateral deafness), and c) severe disability (severe CP [severely impaired ambulation or nonambulatory] and/ or psychology scores > 3 SD below the mean and/or bilateral blindness).
Secondary outcome measures were: 1) CP, with moderate/severe CP as a subdivision, 2) hydrocephalus (defined as ventricle size above the 97th percentile for gestational age) and clinical signs of raised intracranial pressure, 5, 13, 20 with shunt-treated hydrocephalus as a subdivision, 3) blindness, 4) deafness, and 5) MDI score corrected for gestational age, obtained at final 2-to 3-year follow-up. MDI scores were obtained directly from BSID II scores and indirectly from BSITD III scores, by converting the BSITD III cognitive and language composite scores to an MDI-equivalent score using the following formula 15 : MDI = 88.8 -(61.6*[language score/100] -1 ) + (0.67*cognitive score).
The number of infants with each of these outcomes at final follow-up was extracted from the database, and the risk of developing each outcome was calculated and broken down by IVH grade. Relative risks of developing each binary outcome measure with IVH versus without IVH were calculated and subdivided by IVH grade. These relative risks were analyzed for statistical significance using the chi-square (chi-square) test or, if the chi-square assumptions did not hold, the Fisher's exact test for categorical outcome variables. For outcome variables with missing data, relative risk and p values were calculated without including the missing data. Sensitivity analyses were also carried out to assess whether a significant association between IVH grade and the outcome would occur if the infants with missing data either did not incur the outcome or did incur the outcome, and if the infants with missing data with IVH did incur the outcome while the infants without IVH did not, and if the infants with missing data with IVH did not incur the outcome while the infants without IVH did. The chi-square test for trend was used to assess for evidence of a trend in association between overall mortality, disability, CP, hydrocephalus, blindness, and deafness, and increasing IVH grade. The chi-square test for trend was also used to assess for changes in overall mortality, withdrawal rates, and overall disability over time, in all very preterm infants and also in infants with Grade 4 of IVH.
For continuous outcome variables, the mean and standard deviation of the outcome were calculated for each IVH grade. Differences in mean values were calculated for infants with each grade of IVH compared with infants without IVH. Statistical significance of these differences was assessed using a 2-tailed Student t-test or Wilcoxon rank-sum test depending on data normality.
Multivariate logistic regression, controlling for IVH grade, was used on the subgroup of infants with Grade 3 or 4 IVH who were not lost to follow-up, to assess whether hydrocephalus or shunt surgery were associated with an increased risk of negative outcome in this subgroup. Multivariate logistic regression, controlling for IVH grade, was also used on the subgroup of infants with Grade 3 or 4 IVH with hydrocephalus who were not lost to follow-up, to assess whether shunt surgery was associated with an increased risk of negative outcome in this subgroup.
Univariate logistic regression was used to identify the associations between several infant, maternal, obstetrical, and management variables and overall disability, overall mortality, and IVH. Multivariate logistic regression was used to study the association between IVH and disability, controlling for all the variables significantly associated with both IVH and disability. Multivariate logistic regression was also used to study the association between IVH and overall mortality, controlling for all the variables significantly associated with both IVH and mortality.
All data analysis were carried out using STATA 11.2 (StataCorp LP), and the threshold for statistical significance was set at a = 0.05. Ethics approval for this research was obtained from the IWK Health Centre Research Ethics Board.
results Figure 1 illustrates the selection process for this study. Cases involving all very preterm infants born from 1993 onward were entered in the PFUP database and screened for inclusion in this study. Ultimately, 1200 cases fulfilled the criteria for inclusion and were included in the analysis. Only 25 infants (2%) were lost to follow-up.
The mortality and disability outcomes for all infants included in the study by IVH grade are pictured in Fig.  2 . The number of infants experiencing each primary and secondary outcome measure as well as relative risks of developing the outcome by IVH grade (relative to the risk for infants without IVH) are detailed in Table 1 .
The overall risk of mortality was similar in infants with no IVH (10%) and with Grade 1 IVH (7%), and it was significantly increased in infants with Grade 2 (18%), Grade 3 (26%), and Grade 4 (47%) IVH. The overall risk of disability was similar in infants with no IVH (21%), Grade 1 (19%), Grade 2 (26%), and Grade 3 IVH (28%), but it was significantly increased in infants with Grade 4 IVH (42%). The risk of CP was significantly increased in infants with Grade 2 IVH (13%), Grade 3 IVH (18%), and Grade 4 IVH (39%) compared with infants without IVH (7%), although the risk of moderate or severe CP was only increased in infants with Grade 4 IVH (12% vs 2% of infants without IVH). Only infants with Grade 3 or 4 IVH developed hydrocephalus (21% and 37%, respectively), and only 12% and 25% of infants with Grade 3 and Grade 4 IVH were treated with CSF shunting. Only Grade 4 IVH was associated with a significantly lower mean MDI score compared with the mean score in infants without IVH (77.5 ± 23.4 vs 97.2 ± 18.8).
The chi-square test for trend was significant for increasing odds of mortality (p < 0.001), disability (p < 0.001), CP (p < 0.001), and hydrocephalus (p < 0.001), associated with increasing IVH grade. If the infants with missing data were left out of the analysis, there was no significant trend found for blindness (p = 0.159) or deafness (p = 0.080), and IVH (of any grade) was not significantly associated with either blindness or deafness. However, on sensitivity analyses looking at the missing data, significant associations between each grade of IVH and blindness or deafness could be elicited, throwing into question the validity of the associations between IVH and blindness/deafness.
Overall mortality in very preterm infants has significantly decreased over time, from 17. The overall rate of subsequent disability for very preterm infants has significantly increased over time from 13.9% (52 of 374 infants) for 1993-1997 to 36.1% (75 of 208) for 2008-2010 (p < 0.001). The rate of subsequent disability in very preterm infants with Grade 4 IVH (risk 42%) has not significantly changed over time (p = 0.328).
On multivariate logistic regression, in the subgroup of infants with Grade 3 or 4 IVH, controlling for IVH grade, hydrocephalus was associated with reduced risk of overall mortality (OR 0.21, p = 0.001) but was not significantly associated with any of the morbidity outcome measures. Shunt surgery was also associated with reduced risk of overall mortality (OR 0.12, p = 0.001) but was not significantly associated with any of the morbidity outcome measures.
On multivariate logistic regression, in the subgroup of infants with Grade 3 or 4 IVH with hydrocephalus, controlling for IVH grade, shunt surgery was not significantly associated with any of the outcome measures. Table 2 illustrates the associations between various infant, maternal, obstetrical, and management variables and overall disability, overall mortality, and IVH. On multivariate logistic regression looking at the association between IVH and overall mortality and controlling for variables significantly associated with both IVH and death, only CPR (OR 11.3, p = 0.005), high-flow oscillatory ventilation usage (OR 1.00, p = 0.022), and bronchopulmonary dysplasia (OR 0.15, p = 0.049) remained significantly associated with overall mortality. IVH dropped out of the model and was no longer significantly associated with mortality.
On multivariate logistic regression looking at the association between IVH and overall disability and controlling for variables significantly associated with both IVH and disability, only male sex (OR 1.68, p = 0.011), surfactant usage (OR 1.76, p = 0.043), and cystic periventricular leukomalacia (PVL) (OR 27.0, p < 0.001) remained significantly associated with overall disability. IVH, hydrocephalus, and shunt surgery all fell out of the model and were no longer significantly associated with disability.
discussion
We found IVH to be associated with an increased risk of death, disability, CP, hydrocephalus, and a lower MDI score, and the risk increases with increasing grade of IVH. This is consistent with previously published studies examining neurodevelopmental outcomes of IVH. 4, 9, 18, 20 However, unique to our study, only Grade 4 IVH was associated with an increased risk of overall disability, moderate/ severe CP, and a worse MDI score compared with infants without IVH, and there was no association between IVH diagnosis and blindness or deafness. Infants with lower grades of IVH (Grades 1, 2, and 3) had similar neurodevelopmental outcomes to infants without IVH, except for an increased risk of mild CP in infants with Grades 2 and 3 IVH.
In a recently published study, Payne et al. 18 looked at an American multicenter experience and also found no association with low grade IVH (Grades 1 and 2) and worse neurodevelopmental outcomes at 18-24 months of age for (2) 1.00 
<0.001
Diff = difference; - = undefined * Outcomes are presented for infants who met the criteria for inclusion in this study and are characterized in absolute and relative terms, respectively, as numbers of infants (%) or mean values and RR (relative to infants without IVH) or difference in means. Significant associations are in bold type. Values in square brackets are numbers of patients for whom data are missing. † RRs and results of tests for statistical significance recorded here are from calculations that did not include missing data in the analysis. ‡ Corrected for gestational age.
infants born between 2006 and 2008. However, this study was not population based and so may have contained referral bias, and it also had a higher rate of loss to follow-up (13%). A second significant recently published study, by Bolisetty et al., 4 was a regional cohort study of all infants admitted to all 10 tertiary neonatal intensive care units in New South Wales and the Australian Capital Territory between 1998 and 2004, and unlike our study, it showed an increased risk of worse neurodevelopmental outcomes for infants with low-grade IVH. However, the study had significant loss to follow-up (25%), may have missed infants not admitted to a tertiary neonatal intensive care unit, and excluded infants with congenital malformations. Perhaps infants with better outcomes were lost to follow-up, falsely making it appear as if low-grade IVH is associated with worse outcomes.
Other centers with potential referral bias and greater rates of loss to follow-up have also found worse neurodevelopmental outcomes with low-grade IVH, 17 while some centers have found worse outcomes in terms of disability only with the higher grades of IVH and with white matter changes such as cystic PVL, similar to our findings. In addition, though most published studies show an association between hydrocephalus/shunt surgery and worse neurodevelopmental outcomes, 11, 20 in our study, in infants with IVH Grade 3 or 4, hydrocephalus and shunt surgery were not independently associated with an increased risk of morbidity. Hydrocephalus and shunt surgery were, however, independently associated with a reduced risk of overall mortality, though this is likely due to the fact that surviving infants are more likely to progress to develop clinical hydrocephalus and require a shunt. Not surprisingly, we found that mortality of very preterm infants in Nova Scotia has been decreasing over time while disability has been increasing. This is consistent with the experience observed at other centers. 27 This trend does not seem to be explained by a change in rates of withdrawal of care in Nova Scotia in infants with IVH, as the risk of withdrawal of care has not significantly changed over time. There have been several other factors however that have changed over time, including variables such as increased use of cardiopulmonary resuscitation, increased use of paralytics and inotropes, and increased risk of birth asphyxia. These may be also contributing to decreasing mortality at the expense of increasing disability.
Interestingly, in the multivariate regression analysis examining factors that may contribute to disability, cystic PVL is by far the strongest predictor of disability, with an odds ratio of 27.0 for disability, to the point of pushing IVH, PHH, and CSF shunting into statistical insignificance. This is also consistent with the experience at other centers 7, 19, 26 and fits with the developing understanding that PVL (with or without IVH) is potentially the most significant driver of disability in very preterm surviving infants. 1, 19, 24 Nonetheless, PVL is diagnosed later than IVH at 3-4 weeks of age, 9 and therefore this study was instead focused primarily on the prognosis of IVH, independent of future PVL status, to facilitate discussion of prognosis with families of infants with this diagnosis.
The strengths of this study are the low loss to follow-up rate (2%) and the fact that every very preterm infant born to a resident of Nova Scotia is included in this database, making it a strong population-based study. Because of this, there is a very low risk of selection bias, and hence this is a valid representation of the 2-to 3-year long-term prognosis of IVH of prematurity in Nova Scotia. The results should therefore be generalizable to other regions of the world with similar management protocols for preterm infants and similar population demographics. This study is limited by the lack of information on the timing of IVH diagnoses, mortality, and the various outcomes, precluding the ability to do survival analysis or Cox regression. It is also therefore difficult to fully understand whether a significant association between IVH diagnosis and an outcome measures is due to the timing of the outcome before or after IVH diagnosis. The results of this analysis are also only applicable to infants born at less than 31 weeks gestational age, because this was the selection criteria for enrollment in the PFUP. However, this is still more inclusive when compared with other recent studies on this topic, which included infants born at less than 27-29 weeks gestational age, 4, 18 and hence is more likely reflective of the overall outcomes of all infants with IVH of prematurity.
Another limitation of our study was that there was also significant missing outcome data on deafness and blindness in particular (0%-10% per IVH grade), making the associations between IVH grade and deafness/blindness more prone to bias. This may also explain why we did not find an association between IVH and blindness/deafness, unlike other groups. 4 A substantial quantity of data was also missing for several variables, such as maternal smoking/drinking/substance abuse, socioeconomic status, and race. These factors could have confounded the associations between IVH and the various outcome measures, 22 though a recent Canadian study suggested socioeconomic status may not affect mortality/disability outcomes in preterm infants in Canada. 12 Nonetheless, it might have been helpful to control for these variables in the multivariate analyses.
conclusions
In conclusion, IVH is associated with increased disability and mortality, and the risk is higher with higher grades of hemorrhage. Given the strong population-based nature of this study, the risks of the various outcomes by IVH grade described in this paper can be used to discuss prognosis with families of very preterm infants with IVH in similar settings to Nova Scotia.
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